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PERFORMANCE EVALUATION OF THE NEXT ION ENGINE

George C. Soulas, Matthew T. Domonkos, and Michael J. Patterson
National Aeronautics and Space Administration
Glenn Research Center
Cleveland, Ohio

The performance test results of three NEXT ion engines are presented. These ion engines exhibited peak specific
impulse and thrust efficiency ranges of 4060-4090 s and 0.68-0.69, respectively, at the full power point of the
NEXT throttle table. The performance of the ion engines satisfied all project requirements. Beam flatness
parameters were significantly improved over the NSTAR ion engine, which is expected to improve accelerator grid
service life. The results of engine inlet pressure and temperature measurements are also presented. Maximum main
plenum, cathode, and neutralizer pressures were 12,000 Pa, 3110 Pa, and 8540 Pa, respectively, at the full power
point of the NEXT throttle table. Main plenum and cathode inlet pressures required about 6 hours to increase to
steady-state, while the neutralizer required only about 0.5 hour. Steady-state engine operating temperature ranges
throughout the power throttling range examined were 179-303 °C for the discharge chamber magnet rings and

132-213 °C for the ion optics mounting ring.

Introduction

The success of the NASA Solar Electric Propulsion
Technology  Applications  Readiness (NSTAR)
program’s ion propulsion system on the Deep-Space 1
spacecraft has secured the future for ion propulsion
technology for other NASA missions.! While the
2.3 kW NSTAR ion engine input power and service life
capabilities are appropriate for Discovery Class as well
as other, smaller NASA missions, the application of
NSTAR hardware to large flagship-type missions such
as outer planet explorers and sample return missions is
limited due its lack of power and total impulse
capabilities.

As aresult, NASA’s Office of Space Science awarded a
research project to a NASA Glenn Research Center
(GRC)-led team to develop the next generation ion
propulsion system.”>® The propulsion system, called
NASA’s Evolutionary Xenon Thruster (NEXT), is
being developed by a team composed of GRC, the Jet
Propulsion Laboratory, Aerojet, Boeing Electron
Dynamic Devices, Applied Physics Laboratory,
University of Michigan, and Colorado State University.

The NEXT propulsion system will consist of a 40 cm
diameter ion engine, a lightweight, modular power
processing unit with an efficiency and a specific power
equal-to or better-than the NSTAR power processor,
and a xenon feed system which uses proportional valves
and thermal throttles to significantly reduce mass and
volume relative to the NSTAR feed system.
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Each component of the propulsion system is required to
achieve certain minimum performance, service life, and
specific mass requirements. Performance requirements
for the NEXT ion engine include a specific impulse of
at least 4050 s at full power, and thruster efficiencies of
greater than 0.63 and 0.42 at full and low power,
respectively. The NEXT ion engine must further
provide a 270 kg propellant throughput capability,
which ultimately results in a 405 kg qualification
throughput requirement.

The NEXT propellant management system is required
to deliver xenon flows to the ion engine with an
uncertainty of + 3%. Providing xenon flow throughout
the entire throttled flow range with this tight tolerance
requires knowledge of engine inlet pressures during
operation.

This paper presents the performance test results of three
NEXT ion engines. This paper also reports on the
results of engine inlet pressure measurements, along
with engine temperature measurements. The pressure
measurements will be used for the development of the
NEXT propellant management system. Results for both
investigations were obtained over a thruster input
power range of 1.1-6.9 kW.

Test Hardwar e and Oper ating Pr ocedur es

lon Engines

The performance of three NEXT ion engines was
evaluated. One engine, designated LM2, is a laboratory
model engine and is shown in Fig. 1. The other two,



designated EM1 and EM2, are engineering model
engines, one of which is shown in Fig. 2. All engines
utilize a 40 cm beam extraction diameter, which is
double the area of the NSTAR ion engine. The
technical approach here is a continuation of the
“derating” philosophy used for the NSTAR ion engine.
Doubling the beam area allows operation at
significantly higher thruster input power while
maintaining low voltages and ion current densities.
Thus, potential complications associated with high-
voltage electrode operations are avoided, and engine
longevity can be maintained.

The discharge chamber designs of LM2, EMI1, and
EM2 utilize a hollow cathode electron emitter and a
semi-conic chamber with a ring cusp magnetic circuit
for electron containment created by high strength, rare
earth magnets. A flake-retention scheme is employed in
both discharge chambers, which also acts as a magnet
retainer. The material, preparation, and installation
processes employed for the flake-retention system are
identical to those implemented on the NSTAR engine.”
The NEXT ion engines also incorporate a reverse-feed
propellant injection process for the main plenum.

These ion engines utilized the same neutralizer design,
which is mechanically similar to the Hollow Cathode
Assembly of the International Space Station Plasma
Contactor.” Because the neutralizer cathode emission
current range on the NEXT ion engine is similar to that
of the Hollow Cathode Assembly, the NEXT
neutralizer design can leverage off of the large cathode
database already available with this design for risk
reduction.’

Differences between the laboratory model engine (i.e.
LM2) and the engineering model engines (i.e. EMland
EM2) included the mechanical fidelity of the hardware,
the design of the propellant isolators, and the design of
the ion optics’ geometry. The mechanical integrity of
the EM1 and EM2 engines was designed for the
anticipated vibration environment whereas LM2 was
not. Engines EM1 and EM2 also utilized new compact
propellant isolators with a higher voltage isolation
capability of about 1800 V.

All engines utilized the same ion optics assemblies,
except for the geometry of the perforated region of the
beam extraction electrodes. Engine LM2 utilized the
same geometry as employed with the NSTAR engine
while those of EM1 and EM2 were similar except that
the accelerator electrode thickness was increased to
enhance engine service life. The performance of these
two electrode geometries is described in detail
in Ref. 7.

NASA/TM—2003-212551

During one test series, engine EM1 was outfitted with
several Type K thermocouples for operating
temperature measurements. The locations of several of
these thermocouples are indicated in Fig. 3.

Power Console and Gas Feed System

A power console similar to that described in Ref. 8
powered these ion engines. This power console allows
for ion engine input powers of over 10 kW with beam
power supply voltages of up to 2000 V.

A high purity gas feed system was used to provide
xenon to the discharge cathode, main plenum, and
neutralizer through separate mass flow controllers. For
one test with engine EM1, ion engine inlet pressures for
all three propellant lines were measured. This was
accomplished with pressure taps at the propellant line
inlets to the engine. Pressures were measured with a
1.3x10* Pa (100 Torr) capacitance manometer.

Diagnostics

During thruster operation, voltages and currents were
measured with digital multimeters and xenon flows
with mass flow meters. These measured parameters
were used to set engine operating conditions, as well as
to determine engine performance.

The engine was connected to an electrically floating
power supply circuit used to determine the screen grid
transparency to discharge chamber ions. The circuit
electrically tied the screen grid to the discharge cathode
during normal operation, but biased the grid negative
relative to discharge cathode potential to repel electrons
and measure the collected ion current.

For performance testing, beam current density profiles
were measured with a probe mounted onto a two-axis
probe motion system. The probe was a planar geometry
with a 1 cm? circular current-collecting area. The probe
was biased negative with respect to beam plasma
potential to repel electrons and was grounded through a
resistor that acted as a shunt to measure collected
currents.

The positioning system swept the probe in the radial
and axial directions through the vertical center of the
engine ion optics. The positioning system had a 1.5 m
maximum travel in each axis, which enabled near-field
radial beam current density measurements at different
axial locations, as measured from the geometric center
of the ion optics. The current density measurements
were then used to determine radial beam current density
profiles.



Vacuum Facilities

For the results presented in this paper, testing was
conducted in two facilities. The first facility was
Vacuum Facility 6 (VF6) at NASA GRC. This 7.6 m
diameter X 22.9 m long facility was evacuated with 12
cryogenic pumps and a turbomolecular pump. The total
measured facility pumping speed was approximately
227,000 1/s with xenon. The facility base pressure for
these tests was typically less than 1.3x10™* Pa (1x10°°
Torr). Facility background pressures during testing
were 3.2x10°% Pa (2.4x10° Torr) to 6.0x10° Pa
(4.5x10°° Torr) as measured by an ion gage mounted
near the center of the cylindrical section of the facility.

The second facility was Vacuum Facility 11 (VF11) at
NASA GRC. This 2.2 m diameter X 7.9 m long facility
was evacuated with seven cryogenic pumps and a
turbomolecular pump. The total measured facility
pumping speed was greater than 100,000 I/s with
xenon. The facility base pressure for these tests was
typically about 4x10~° Pa (3x10 Torr).

Facility background pressures in VF11 were less than
9.3x10* Pa (7x10°° Torr), except at the highest beam
current. During operation at the highest beam current,
the high xenon flow rates and beam power tended to
warm-up three of the seven cryogenic pumps. This
reduced the facility’s effective pumping speed, and
resulted in background pressures that increased with
operating time up to 1.6x10° Pa (1.2x10°° Torr).

Oper ating Procedures

During each engine test, the engine was operated at a
range of engine input powers from 1.1 kW to 6.9 kW.
Ion engine beam voltages, accelerator voltages, beam
currents, discharge chamber xenon flows, and
neutralizer current at these various input power levels
are listed in Tables 1 and 2. Table 1 is the NEXT
throttle table while Table 2 includes a higher beam
current utilized for the NEXT 2000 hour wear test.’
Main plenum and discharge cathode flow splits were
selected to yield discharge voltages of 23-27 V
throughout the throttle table, while discharge currents
were continually adjusted to maintain a constant beam
current.

For the performance results presented in this paper,
engines LM2 and EM1 were performance tested in VF6
while engine EM2 was performance tested in VF11. At
each operating condition, steady-state operating
parameters that included beam power supply,
accelerator, discharge, and neutralizer currents and
voltages, coupling voltages (i.e. neutralizer cathode
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voltage relative to tank ground), and xenon flows were
measured. Radial beam current density profiles were
also measured at several operating points. In addition,
ion optics performance parameters such as
impingement-limited total voltages, electron
backstreaming limits, and screen grid ion transparencies
were determined at each operating condition.

For the propellant line inlet pressure and engine
temperature measurements, engine EM1 was tested in
VF11. During this test, the engine was operated at low
and high input power levels. Furthermore, no attempt
was made to simulate the thermal environment
anticipated for the NEXT engine, so that the engine was
allowed to radiate heat to the facility walls and
surrounding cryogenic pumps. Engine pressure and
temperature increases with time from engine startup
were monitored to determine pressure and temperature
transients during engine warm-up and steady-state
values. To preclude warming-up the cryogenic pumps
of VF11, the engine was operated initially without
beam extraction until near-steady state conditions were
achieved. Then the engine was operated with beam
extraction and its effect evaluated. Propellant line inlet
pressures with cold gas flow (i.e. without the engine
operating) were also measured.

Results and Discussions

Per formance Test Results

Overall Engine Performance

The results of performance tests with NEXT engines
LM2, EM1, and EM2 are listed in Tables 3, 4, and 5,
respectively. The performance test results for EMI1
presented herein are the pretest performance results in
Ref. 9. The beam divergence thrust correction factor for
thrust calculations and the total doubly-to-singly-
charged ion current ratio were assumed to be about 0.98
and 0.034-0.044, respectively, based on Ref. 10.
Ingested mass flow due to the facility background gas
pressure was included in the total mass flow rate to the
engine for determining thrust efficiency and specific
impulse."!

The demonstrated throttling range of all engines was
1.1-6.9 kW. All three engines performed similarly,
with thrust efficiencies, thrusts, and specific impulses
within about 2% of each other.

The thrusts of all three engines were calculated to be
about 50 mN at low power and 237-238 mN at the
wear test full power level in Table 2. Thrust efficiencies
were between about 0.49—0.50 at low power to about
0.69-0.70 at the wear test full power level. Specific
impulses were 2200-2210 s at low power and



4080-4120 s at the wear test full power level. The
specific impulses of all engines at high power point of
the throttle table (listed on Table 1) were 4060—4090 s.
A beam voltage of 1790 V was required to achieve
specific impulses of greater than 4050 s at this full
power point.

Table 6 compares the performance test results of all
three engines to the performance requirements. As
indicated in the table, all three ion engines satisfied the
NEXT project performance requirements.

Discharge Losses

Discharge losses were very similar for EM1 and EM2.
As Tables 4 and 5 show, discharge losses for EM1 were
only 3-6 W/A greater than those for EM2 at beam
currents greater than 2.00 A, and 4-13 W/A greater
than those for EM2 at beam currents less than or equal
to 2.00 A. Discharge losses for LM2 were within
6 W/A of those for EM1 and EM2 at beam currents
greater than 2.00 A. However, this disparity grew to
12-32 W/A for beam currents less than or equal to
2.00 A. It is speculated that the differences in discharge
losses for LM2 were due to differences in the
construction of the discharge chamber.

Discharge losses for all three engines generally
decreased with increasing total voltage (i.e. the sum of
the absolute values of the beam and accelerator power
supply voltages). This is demonstrated in Fig. 4 for
LM2 at various beam currents. At the 1.20 A beam
current case, discharge losses increased by 16% as the
total voltage was decreased from 2050 V to 794 V.

This discharge loss increase with decreasing total
voltage is largely due to a decreasing screen grid ion
transparency. To remove the effect of screen grid ion
transparency, discharge power was plotted as a function
total ion current arriving at the screen grid in Fig. 5 at
all total voltages tested. Here, the total ion current is
equal to the beam current divided by the measured
screen grid ion transparency. Screen grid ion
transparencies for these tests ranged from 0.81 to 0.94.
Figure 5 shows that discharge power monotonically
increases with increasing total ion current, as expected.

lon Optics' Performance

Impingement-limited total voltage is a measure of ion
optics’ current extraction capability, and, therefore, a
measure of ion optics’ perveance. Impingement-limited
total voltages were determined from plots of accelerator
current as a function of total voltage where the slope
was —0.02 mA/V (i.e. the NSTAR criterion). Figure 6
shows beam current as a function the impingement-
limited total voltage for LM2, EMI1, and EM2. Also
shown in Fig. 6 is the lowest throttled total voltage for
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each beam current in Tables 1 and 2. As the figure
shows, the ion optics of all three ion engines offer
substantial perveance margin (i.e. the difference
between the impingement-limited total voltage and the
lowest total voltage set point for a given beam current).
The lowest perveance margin occurred at the lowest
beam current and was about 140 V. Perveance margin
is expected to increase as the engine wears due to
accelerator grid aperture enlargement from sputter
erosion.'?

The impingement-limited total voltages of EM1 and
EM2 were similar and were within about 30 V of each
other. The impingement-limited total voltages of LM2
were generally less than those of EM1 or EM2, and this
disparity increased with increasing beam current. It is
speculated that this difference was due, in part, to a
slightly larger cold grid gap for EM1 and EM2, which
can lead to higher impingement-limited total voltages.
The three ion engines, however, still met all perveance
requirements.

The electron backstreaming limit is the highest
accelerator voltage that will prevent beam plasma
electrons from backstreaming through the ion optics.
The electron backstreaming limit was determined by
lowering the magnitude of the accelerator grid voltage
until the indicated beam current increased by 0.1-1 mA
due to backstreaming electrons.

Figure 7a shows the electron backstreaming limit as a
function of beam power supply voltage at various beam
currents for EM1 and EM2. As Fig. 7a demonstrates,
the electron backstreaming limits of EM1 and EM2
were similar, with measured values within 9 V of each
other.

Figure 7b shows the electron backstreaming limit as a
function of beam power supply voltage at various beam
currents for LM2 and EM1. As Fig. 7b demonstrates,
the electron backstreaming limits of EM1 were 16-31
V higher than those of LM2. This difference was due to
the thicker accelerator grid and slightly larger cold grid
gap of EM1. The effect of accelerator thickness on the
electron backstreaming limit has been reported in Ref.
7. The minimum electron backstreaming margins (i.e.
the difference between the absolute values of the
accelerator voltage set point and electron backstreaming
limit) were 42 V for LM2 and 60 V for EM1 and EM2.
Electron backstreaming margins for the NEXT ion
engines were greater than those for the NSTAR ion
engine.'>"

Radial Beam Current Density Profiles
Radial beam current density profiles were used to
determine radial current density distributions and peak



current densities for beam flatness parameter
calculations. Regarding beam current density
measurements, no attempt was made to repel charge-
exchange ions from the probe or to account for
secondary electron emission due to ion bombardment.
Integration of the radial beam current density profiles
(assuming azimuthal symmetry) yielded beam currents
that were higher than the measured beam current by as
much as 8%. Possible sources of error are discussed in
Refs. 13 and 14.

Sample radial beam current density distributions are
shown in Fig. 8 for EM1. As the figure demonstrates,
the shape functions of the ion current density profiles
were similar at all beam currents evaluated. The radial
profiles were also slightly non-axisymmetric near the
center. This asymmetry is an artifact of the engine
discharge chamber plasma.”"*'*

Ion engine beam flatness parameters (i.e. the ratio of
average-to-peak ion current density) for LM2 and EM1
are compared in Fig. 10. Beam flatness parameters of
EM1 were 45-85% higher than those of the NSTAR
engine reported in Ref. 13 for the same average ion
current densities.

The increased beam flatness offered by the NEXT ion
engine is significant because of its effects on reducing
the magnitude of the electron backstreaming limit, and
possibly increasing ion optics perveance and screen
grid ion transparencies.” The higher beam flatness
parameters of the NEXT LM ion engine can also lead to
reduced accelerator aperture enlargement near the grid
cent7er, and, therefore, increased accelerator grid service
life.

Enginelnlet Pressuresfor EM1

Engine inlet pressure measurements with cold gas flow
(i.e. without the engine powered and at room
temperature) as a function of propellant flow were
made to provide lower limit inlet pressures. Figure 10
shows engine inlet pressure as a function cold gas flow
for the main, cathode, and neutralizer propellant lines.
During these measurements, the ion engine temperature
was between 4-8 °C.

The high inlet pressures of the cathode and main
plenum propellant lines in Fig. 10 were due to viscosity
effects from the 0.14 mm inner diameter tubing used
within the ion engine and propellant isolators. This
viscosity effect is further demonstrated by the non-
linear relationship between gas flow and inlet pressure
for the main plenum and cathode plots. On the other
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hand, viscosity effects on the neutralizer propellant line
were small due largely to the insignificant tubing
lengths. As a result, neutralizer inlet pressure was
nearly linear with cold gas flow, as would be expected
for a choked flow condition at the neutralizer cathode
orifice.

Main, cathode, and neutralizer inlet pressure ranges
over the throttle table flow range listed in Tables 1 and
2 were 4270-8400 Pa (32-63 Torr), 1730-2130 Pa
(13-16 Torr), and 730-990 Pa (5.5-7.4 Torr),
respectively.

With these baselines established, the ion engine was
operated at various power levels and the inlet pressures
monitored as a function of time to determine pressure
transients. Figures 11, 12, and 13 show the main,
cathode, and neutralizer inlet pressures, respectively, as
functions of time from engine startup to steady state.
Also plotted on these figures were selected engine
temperatures for reference.

As Figs. 11 and 12 show, main plenum and cathode
inlet pressures required about 6 hours to increase to
steady-state. This long duration of increasing inlet
pressure was likely due to the slow heating of the
propellant tubing lines within the ion engine. This is
demonstrated by the temperature profiles in Figs. 11
and 12. In Fig. 11, for example, discharge chamber
components such as the front magnet ring and the
chamber support achieved steady-state temperatures
within 4 hours due to the close proximity of these
components to the heat source (i.e. the discharge). The
socket, however, was located further from the heat
source and, therefore, required > 5 hours to achieve
steady-state.

As Fig. 13 shows, however, the neutralizer inlet
pressure only required about 0.5 hour to reach steady-
state. This indicates that neutralizer temperatures likely
reached steady-state within this time frame as well.

Steady-state inlet pressures for the main, cathode, and
neutralizer propellant lines are listed in Table 7.
Maximum main, cathode, and neutralizer pressures
were 12,000 Pa (90.2 Torr), 3110 Pa (23.3 Torr), and
8540 Pa, (64.1 Torr), respectively, at the full power
point of the NEXT throttle table.

Because the NEXT propellant management system
utilizes non-choked flow restrictors, the high engine
inlet pressures of the propellant lines will need to be
considered in the propellant management system design
to maintain the tight flow tolerance requirement.



Engine Operating Temperaturesfor EM 1

Ion engine temperatures at beam currents of 1.20 A and
3.52 A as a function of time from engine startup are
shown in Figs. 14 and 15, respectively. At the 1.20 A
beam current case, the engine was operated at the
highest and lowest beam power supply voltages
(i.e. 1800 V and 679 V, respectively), and, therefore,
the highest and lowest total voltages. The highest beam
power supply voltage at 1.20 A resulted in the lowest
measured steady-state temperatures because this high
total voltage required the lowest discharge power (as
discussed in a prior section). However, this temperature
difference was small, with changes of <7 C°.

As Figs. 14 and 15 indicate, magnet ring, chamber
support, and ion optics mounting ring temperatures at
low and full power required about 3—4 hours to reach
steady-state. The socket temperature, however, required
about 5 hours to reach steady-state, likely due to its
longer distance from the discharge chamber.

Steady-state engine operating temperatures ranges were
179-303 °C for the discharge chamber magnet rings,
132-213 °C for the ion optics mounting ring, and
97-159 °C for the socket. Peak magnet ring
temperatures were greater than 100 C° below the
magnet stabilization temperature. The steady-state
temperature ranges, as well as the temperature transient
behavior in Figs. 14 and 15, are provided to verify
thermal models for the NEXT ion engine.

Conclusions

The performance test results of three NEXT ion
engines, labeled LM2, EM1, and EM2, were presented.

The ion engines exhibited peak specific impulse and
thrust efficiency ranges of 4060-4090 s and 0.68-0.69,
respectively, at the full power point of the NEXT
throttling table. The performance of these ion engines
satisfied all NEXT project performance requirements.

The ion optics of all three engines provided a minimum
perveance margin of 140 V and a minimum electron
backstreaming margin of 42 V. Beam flatness
parameters were significantly improved over the
NSTAR ion engine, which is expected to improve
accelerator grid service life.

The results of engine inlet pressure and temperature
measurements were presented for engine EMI.
Maximum main, cathode, and neutralizer pressures
were 12,000 Pa (90.2 Torr), 3110 Pa (23.3 Torr), and
8540 Pa, (64.1 Torr), respectively, at the full power
point of the NEXT throttle table. Main plenum and
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cathode inlet pressures required about 6 hours to
increase to steady-state, while the neutralizer required
only about 0.5 hour. The pressure measurements will be
used to define the design of the NEXT propellant
management system.

Steady-state engine operating temperatures ranges were
179-303 °C for the discharge chamber magnet rings,
132-213 °C for the ion optics mounting ring, and
97-159 °C for the socket. These steady-state
temperature ranges, as well as the temperature transient
behavior are provided to verify thermal models for the
NEXT ion engine.
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Table 1.—NEXT ion engine throttle table.

Anticipated

Engine Beam Bi)eeém Accelerator Pll\;[fl:lr;n %Z:Egg%e Neutalizerd Neutralizer
Input Current, b ¢ . Flow Rate, Keeper
Power,* A Voltage, Voltage, V. Flow Rate, Flow Rate, scem Current, A

\Y sccm sccm

kW

1.07 1.20 680 115 15.7 3.57 4.01 3.0
1.28 1.20 850 —-125 15.7 3.57 4.01 3.0
1.49 1.20 1020 —-175 15.7 3.57 4.01 3.0
1.68 1.20 1180 -200 15.7 3.57 4.01 3.0
1.94 1.20 1400 -220 15.7 3.57 4.01 3.0
2.14 1.20 1570 -235 15.7 3.57 4.01 3.0
2.42 1.20 1800 -250 15.7 3.57 4.01 3.0
2.40 2.00 1020 -175 27.1 3.87 4.41 3.0
2.71 2.00 1180 -200 27.1 3.87 4.41 3.0
3.15 2.00 1400 -220 27.1 3.87 441 3.0
3.49 2.00 1570 -235 27.1 3.87 4.41 3.0
3.96 2.00 1800 -250 27.1 3.87 4.41 3.0
3.18 2.70 1020 -175 37.6 4.26 4.75 3.0
3.61 2.70 1180 -200 37.6 4.26 4.75 3.0
4.20 2.70 1400 -220 37.6 4.26 4.75 3.0
4.66 2.70 1570 -235 37.6 4.26 4.75 3.0
5.30 2.70 1800 -250 37.6 4.26 4.75 3.0
4.12 3.10 1180 -200 43.5 4.54 4.95 3.0
4.80 3.10 1400 -220 43.5 4.54 4.95 3.0
5.33 3.10 1570 -235 43.5 4.54 4.95 3.0
6.06 3.10 1800 -250 43.5 4.54 4.95 3.0

*Nominal values.

°Power supply voltage.

“Main-to-discharge cathode flow split selected to result in a 23.5-27 V discharge voltage.

“Neutralizer flow with beam extraction; without beam extraction and for ignition, flow is set to 6.00 sccm.

Table 2—NEXT ion engine high beam current and wear test operating points.

Anticipated

Engine Beam Beam Main Discharge Neutalizer ~ Neutralizer
P.S. Accelerator Plenum Cathode d
Input Current, b ¢ . Flow Rate, Keeper
a Voltage, Voltage, V. Flow Rate, Flow Rate,
Power, A sccm Current, A
v sccm sccm

kW
4.66 3.52 1180 -200 49.6 4.87 5.16 3.0
5.42 3.52 1400 -220 49.6 4.87 5.16 3.0
6.03 3.52 1570 -235 49.6 4.87 5.16 3.0
6.85° 3.52° 1800° -250/-210° 49.6° 4.87° 5.16° 3.0°

*Nominal values.

°Power supply voltage.

“Main-to-discharge cathode flow split selected to result in a 23.5-27 V discharge voltage.

“Neutralizer flow with beam extraction; without beam extraction and for ignition, flow is set to 6.00 sccm.
“Wear test operating point.
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Table 3.—NEXT engine LM 2 performance test resultsin VF6.

Beam Beam Thruster Input Discharge Thrust Thrust,” Specific
Current, A Voltage, V Power, kW Losses, W/A Efficiency mN Impulse, s
1.203 671 1.12 215 0.485 49.9 2210
1.202 841 1.31 205 0.517 55.8 2470
1.206 1010 1.51 198 0.543 61.4 2720
1.203 1170 1.69 192 0.558 65.9 2920
1.205 1390 1.95 189 0.574 71.8 3180
1.205 1560 2.16 187 0.583 76.1 3370
1.203 1790 243 185 0.592 81.4 3610
2.004 1010 2.43 172 0.609 102 2970
2.004 1170 2.74 169 0.624 110 3190
2.010 1390 3.18 165 0.641 120 3480
2.009 1560 3.52 164 0.649 127 3690
2.005 1790 3.98 163 0.657 135 3950
2.708 1010 3.22 152 0.638 138 3050
2.707 1170 3.64 148 0.653 149 3280
2.702 1390 4.21 144 0.666 161 3560
2.706 1560 4.68 142 0.675 170 3780
2.710 1790 5.32 141 0.684 183 4050
3.102 1170 4.14 141 0.662 169 3300
3.106 1390 4.81 137 0.677 185 3600
3.102 1560 533 134 0.684 195 3810
3.106 1790 6.06 132 0.693 210 4090
3.520° 1170° 4.68° 136° 0.670° 192° 3330°
3.521° 1390° 5.44° 133° 0.684° 209° 3620°
3.531° 1560° 6.06° 131° 0.693° 222° 3850°
3.524° 1790° 6.86° 130° 0.700° 238" 4120°

*Thrust correction factor due to beam divergence assumed to be about 0.98; ratio of doubly-to-singly-charge ion current assumed to be 0.034—
0.044.
"Not a throttle table operating point.
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Table 4—NEXT engine EM 1 performance test resultsin VF6.

Beam Beam Thruster Input Discharge Thrust Thrust,” Specific
Current, A Voltage, V Power, kW Losses, W/A Efficiency mN Impulse, s
1.201 670 1.08 190 0.495 49.6 2210
1.204 841 1.28 184 0.526 55.7 2480
1.202 1010 1.48 177 0.548 61.1 2710
1.204 1170 1.67 173 0.564 65.7 2920
1.202 1390 1.92 167 0.579 71.4 3180
1.203 1560 2.13 164 0.588 75.7 3370
1.203 1790 2.41 163 0.597 81.2 3610
2.002 1170 2.72 160 0.624 109 3180
2.005 1790 3.95 148 0.658 135 3930
2.703 1170 3.63 147 0.649 147 3260
2.705 1790 5.29 135 0.682 182 4040
3.098 1170 4.14 143 0.660 169 3300
3.101 1790 6.04 131 0.689 209 4070
3.518° 1170° 4.70° 143° 0.663° 192° 3320°
3.517° 1390° 5.44° 137° 0.677° 208° 3610°
3.521° 1560° 6.05° 133° 0.687° 221° 3830°
3.521° 1790° 6.85° 129° 0.696" 237° 4100°

*Thrust correction factor due to beam divergence assumed to be about 0.98; ratio of doubly-to-singly-charge ion current assumed to be 0.034—
0.044.
"Not a throttle table operating point.

Table 5—NEXT engine EM 2 performance test resultsin VF11.

Beam Beam Thruster Input Discharge Thrust Thrust,” Specific
Current, A Voltage, V Power, kW Losses, W/A Efficiency mN Impulse, s
1.203 670 1.08 183 0.496 49.7 2200
1.200 841 1.28 177 0.525 55.5 2460
1.202 1010 1.48 173 0.547 61.0 2710
1.201 1170 1.67 169 0.560 65.6 2900
1.199 1390 1.91 161 0.575 71.3 3150
1.201 1560 2.12 159 0.585 75.6 3350
1.201 1790 2.40 157 0.592 81.0 3580
1.998 1170 2.70 147 0.626 109 3170
2.001 1790 3.94 137 0.655 135 3910
2.698 1170 3.63 142 0.646 147 3250
2.702 1790 5.29 132 0.678 182 4020
3.101 1170 4.16 137 0.651 169 3270
3.101 1790 6.08 125 0.684 209 4060
3.519° 1170° 4.70° 138° 0.660° 192° 3310°
3.515° 1350° 5.31° 133° 0.672° 205° 3540°
3.518° 1560° 6.05° 128° 0.682° 221° 3810°
3.518° 1790° 6.86" 124° 0.690° 237° 4080°

*Thrust correction factor due to beam divergence assumed to be about 0.98; ratio of doubly-to-singly-charge ion current assumed to be 0.034—
0.044.
"Not a throttle table operating point.

NASA/TM—2003-212551 9



Table 6—NEXT ion engine performancerequirements and test resultsfor LM2, EM 1, and EM 2.

Perfor mance Requirements LM2 Test Results EM1 Test Results EM2 Test Results
Specific impulse > 4050 s 4090 s 4070 s 4060 s
Low power thrust efficiency > 0.42 0.49 0.50 0.50
High power thrust efficiency > 0.63 0.69 0.69 0.68

Table 7—NEXT engine EM 1 propellant inlet pressuresin VF11.

Xenon Flow Rate, sccm Pressure, Pa (Torr)
. Hion® ‘ )
Operating Condition Main Cathode Neutralizer Main Cathode Neutralizer
Plenum Plenum
_ b _ b 5.16 13,300 (99.9) 3280 (24.6) 7850 (58.9)
J,=3.52 A" Vyps = 1800 V 49.6 4.87 6.00 8980 (67.4)
_ _ 4.95 12,000 (90.2) 3110(23.3) 7260 (54.5)
J,=3.10 A, Vo, ps=1180 V 43.5 4.54 6.00 8540 (64.1)
Jo,=1.20 A, V,ps=1800 V 15.7 3.57 4.01 5910 (44.3) 2400 (18.0) 4640 (34.8)
_ _ 4.01 5970 (44.8) 2420 (18.2) 4640 (34.8)
J,=120A, Vo ps =679V 15.7 3.57 6.00 6670 (50.0)
Neutralizer On; J, =0 6.00 5470 (41.0)

Jp = beam current and Vy,_ps = beam power supply voltage.
®Not a throttle table operating point.

Figure 2—NEXT engineering model engine EM 1 instrumented with pressuretaps
for propellant line pressure measurementsat the engine inlet.
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Figure 12—NEXT engine EM 1 cathode inlet pressure and temperaturesat a 3.10 A beam current and a
1179 V beam power supply voltage. Arrowsindicate when discharge ignition and beam extraction occurred.
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Figure 13—NEXT engine EM 1 neutralizer inlet pressure and temperaturesat a 3.52 A beam current and a
1800 V beam power supply voltage. Arrowsindicate when dischargeignition and beam extraction occurred.
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